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SUMMARY

Wind~tunnel tests have been conducted to evaluate the independent
effects of Reynolds and Mach numbers on the aerodynamic charasctsristics
of, a horizontal teil equipped with a 0.30-chord, plain, sealed elevator
with a tab. The elevator hings line was normal to the plane of symmetry.
6’1‘11::6 airfoil sections parallsl to the plame of symnetry were the RACA

AClO, :

The Reynolds number was varied from 2,000,000 to 11,000,000 at a Mach
number of 0.21, and the Mach number was varled from 0.2 to 0.88 at a
Reynolds number of 2,000,000. Lift, drag, pitching moment, elevator hinge
moment, teb hinge moment, chordwise distribution of static pressure at the
mnldsemispan, and pressure dlfference across the elevator-nose seal were
measured,

An increase of Reynolds numher from 2,000,000 to 11,000,000 increased
the angle of attack for the stall by approximately 2°. Changes in
Reynolds number from 2,000,000 to 11,000,000 had 1ittls effect on the
aerodynamic characteristics of the tail at angles of attack below the
atall,

Abrupt decreases in the lift—curve slope end in the slevator effec—
tiveness occurred at a Mach number of sbout 0.85. The Mach numbers at
which marked changes in the elevator hinge-moment coefficients occurred
were dependent upon the megnitude of angle of attack and elevator
deflection. TIn gemeral, however, the changes of elevator hinge-moment
coefficient were gradual as the Mach mumber was increased to 0.80. The
tab was effective 1n reducing the elsevetor hinge moments throughout the
Mach number range. Calculations indicated that incorporation of
sufficient sealed internal balance to reduce the variation of elevator
hinge moment with elevator deflection by 50 percent at a Mach pumber of
0.21 would cause only a lO-percent reduction for elevator deflsctions
greater than 5° at a Mach number of 0.85. .-
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Comparison of the results of this Investigation with those for a
horizontal taill of the same aspect ratio, taper ratio, and airfoll ssction
but with the quarter—chord line swept back 35° showed that the abrupt
decrease iIn lift-curve slope occurred at a Mach number about 0.08 greater
for the swapt—back_horizoﬁtal tail, The Mach numbers at which & decrease
in elevator effectivensss ccceurred were very nearly the same for both
horizontal tails, but the rate of decrease of elevator effectiveness
with further Mach number increass was much less for the swept-back
horizontal taill. Abrupt changes in the elevator hinge-moment coefficlents
occurred at higher Mach numbers for the swepi~back horizontal tail than
for: the horizontal tail without aweep.

INTRODUCTION

A systematic investigation has been undertaken at the Ames Aero—
nautical ILaboratory to determine experimentally the control-effectiveness
and hinge-moment parameters of horizontal tails. References 1 through 5
present restlis of low-speed wind~tumnsel tests of both swept and unswept
horizontel tails of several aspect ratios, all having the same ltaper ratio
and girfoil section.

The tests reported herein were conducted to evaluate the effects of
compregsibility and dynamic scale on & horizontal tall with elevator
hinge line normal to the plane of symmetry, the low-~epeed aerodynamic
characteristics of which have been reported in reference 2., The results
of the tests of the horizontal. tall without sweepback are compared with
the results of tests of a horizontal tail of the same aspect ratio,
taper ratio, end airfoil section but with 35% of sweepback of the
quarter—chord line  (reference 6).

NOTATTION
Cp drag coefficient <§ﬂ£
Cy, 1ift coefficient (llé'.‘i)

a
Che elevator hinge-moment coefficient ( elevator hinge moment >

29 Mpg
Chy, tab hinge-moment coefficient (tab hinge m°ment>
2q MA‘b
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Cm pitching-moment coefficient gbout a lateral axis passing
through the quarter point of the mean serodynamic chord
(pi'bching—mment)

gsc
M Mach number Cg
P; —B
P pressure. coefficient ———
q

Pop critical pressure coefficlent, pressure coefficlent corre—
sponding to a local Mach number of 1.0 1n & streamwise
direction { -2 [( 2 1-£2> 7= ]

72 7+1 7+l

R Reynolds number ( EE)

1

Ap pressure coefflclent across the elevator-nose seal

q pressure below the seal — pressure sbove the seal

free—stream dynamic pressure

MAe first moment of the elevator area behind the elevator hinge
line sbout the hinge line, feet cubed

MAt first moment of the teb area behind the teb hings line sasbout
the t2b hinge line, feet cubed

S semispen horizontal-~tail model area, square feet

v elrspeed, feet per second

a speed of sound, feet per second

b/2 semispan, measured perpendicular to the plane of symmetry, feet

¢ chord, measured parallel to the plane of symmetry, feet

[3 mean serodynamic chord < > feet



c
¢ dicular to the elevator hinge line, feet .
;p1 local static pressure, pounds per square foot
js) free—streem static pressure, pounds per square foot
qQ free—stream dynamic pressure, pounds per square foot
Y lateral distance normal to plane of symmetry, feet
o corrected angle of attack, degrees
Oy angle of attack, uncorrected for tumnel-wall interference and
angle—-of-attack counter correctiom, degrees
y ratio of specific heats (specific heat at comstant pressure )
specific heat at constant volume
Be elevator deflection (positive to increase 1ift) measured in a
plane normal to the elevator hinge limne, degrees
B¢ teb deflection (positive to increese 1ift) measured in a plane ,
normal to the teb hinge line, degrees - &
p density of air, slugs per cubic foot -
1 absolute viscosity of air, slugs per foot—second
ClLg, = ( %L ) (measured through a=0), per degree
Be=04=0
CLg, = < %CEL) (measured through 8g=0), per degree
€7 a=b{=0
C
e CLa,
C1=0
oc
Chg = /——he- (measured through a=0), per degree
o \ =
Be=054=0
/3¢ °
Ches = K-g?' (messured through 8,=0), per degree
© e 7 a=b5=0 .
oc
chebt = (ﬁ-) (measured through 54=0), per degree - )

NACA RM AGHlla

chord of the elevator behind the hinge llne measured perpen—
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The subscripts outside the parentheses represent the Pfactors held comstant
during the mesasurement of the parameters.

MODEL

The semigpan model tested in this investigatlon represented =
horizontal tail of aspect ratioc 4.5 and taper ratio 0.5 (fig. 1). The
airfoil section parallel to the plane of symmetry was the NACA 64A010
(table I). The TO-percent~chord line of the taill was perpendicular to
the plane of symmetry. The tlp shape was formed by rotating the sectlon
parallel to the undisturbed stream about a& lins inboard of the tip a
distance equal to the maximm tip ordinate.

The model was equipped with a full-span, radius-nose, sealed
elevator, the chord of which was 30 percent of the model chord. The
elevator was hinged to the stabilizer at 28, 81, and 95 percent of the
gsemlspan. These hinges and a close—-fitting block at the plane of symmetry
divided the mealed balsnce chamber into three separate sectlons. The seals
were fitted closely to the ends of each mectlon to reduce leakags to a
ninimm. The elevator was equlpped wlith an unsealed tab, the area of which
was 5.9 percent of the elevator area and which extendsd from 23.7 to 4#4+.8
percent of the semispan. The elevator and the tab hings gaps sre shown
In figure 1.

The stabllizer was constructed of solld steel and the elevator of
aluminum alloy. The model was mounted vertically with the wind~tunnsl
floor serving as a reflection plane as shown in flgure 2. The rotating
turntable upon which the model wes mounted is directly conmscted to the
force—-measuring apparatus. The elevator and the tab hinge moments were
measured with resistance~type electric straln gages. The elevator gage
was beneath the turntable cover plates, and the tab gage was contalnsd
within the elevator. The slevator deflection was remotely controlled,
and the tab deflsction was set by means of an indexing system built into
the tab and elevator. The gap botween the elevator and the reflection
plane was approximately 0.02 inch.

A chordwise row of orifices was provided at 50 percent of the semi-—
span to measure the chordwise distribution of static pressure. Six ori—
fices to measure the pressure difference across the selsvator-nose ssal
were located in the balance chamber, one on either side of the seal at 13,
49, and 91 percent of the semispan.

CORRECTIONS TO DATA
The data have been corrected for the effects of tunﬁel—wall inter—

Perence, for constriction dus to the presence of the tunnel walls, and
for model-support tare forces.
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Tunne 1-Well Interference

Corrections to the data for the effects of tummel-wall interferencs v
have been evaluated by the methods of reference 7 using the theoretical
gpan loading for incompressible flow ocalculated by the methods of
reference 8, The corrections added to the drag coefficlent and to the
angle of attack wers:

Ag= 0.329 Cr, degrees.
ACp = 0.00502 €12

No attempt was made to separate the tunmel—wmall interference sffects
resulting from lift due to elevator deflection and 1ift due to angle of
attack. No correctiona were applied to the pltching-moment or hinge—
moment data. '

Congtriction Effects

The data have been corrected for the comstriction effects due to the
presence of the tumnel walls by the methods of reference 9., The following
table shows the magnitude of the corrections to Mach number and to dynamic
pressure:

4

Corrected Uncorrected q uncorrected .

Mach numbser Mach number g corrected ”

0.210 0.210 1.001 -
.600 .600 1.001
750 .Th9 1.002
.800 .T798 1.002
.850 848 1.003
880 876 1.00k4

Tares

A correction to the drag data was necessary to allow for forces on
‘"the exposed surface of the turntable. This correction was determined
from tests with the model removed from the tumnel. The correction was
found to vary with Reynolds number only and is presented in the following
table: - ’

R X 107® Cp tare

1.00 0.0071
2,00 .0063 -
5.00 .0058

11.00 .0056
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No attempt was made to evaluate the tares dus to possible Interfer—
ence effects between the model and the turntable. No account was taken
of the tumnel floor boundary layer which at the locatlion of the model
had a displacement thickness of 1/2 inch.

TESTS
Reynolds Number Effects

To determine the effects of Reynolds mumber on the aerodynamic
characteristics of the horizontal tail, the 1ift, drag, pltching momsent,
and elevator hinge moment were measured for a Mach nmumber of 0.21 at
Reynolds numbers of 2,000,000, 5,000,000, and 11,000,000, For these tests
the angle—of-attack range was from —10° to 20° s the elevator deflectlioms
were 0%, —10°, and —20°, and the teb was undeflected. For Mach mumbers
of 0.60, 0.80, and 0.88, similar data were obtained at Reynolds numbers
of 1,000,000 and 2,000,000 with the elevator and the tab undeflected.

Mach Numbsr Effects

To determine the effects of compressibility on the serodynamic
characteristics of the horizontal tail, the 1lift, drag, pltching moment,
elevator hinge moment, tab hinge moment, pressure difference across the
elevator-nose seal, and chordwise distribution of statlc pressure were
measured at a Reynolds number of 2,000,000 at Mach mumbers of 0.21, 0.60,
0.75, 0.80, 0.85, and 0.88. The angle—of-attack range was from —10° to
20° except at Mach numbers greater than 0.80 where the angle—of-attack
range was limited by wird—tunmnel power. For the greater part of the
tests, the range of elsvator deflection was fram —20° to 4°. Lift and
hinge-moment measurements were made for tab deflectioms of 0°, 5°, 10°,
end 15° for the complete range of Mach numbers and elevator deflections
at uncorrected angles of attack of 0° and 4°.

Effects of Standard Roughness and Removal
of the Elevator-KRose Seal

Tests were also made to evaluate the separate effects of standard
lesding-edge roughness (reference 10), and of removing the elevator-nose
geal. Data were obtained at a Reynolds number of 2,000,000 over the

angle—of-attack rangs for elevator deflections of 4°, 09, and —15° with
the tab undeflected at Mach numbers of 0.21, 0.80, and 0.88.

RESULTS AND DISCUSSION

The results of tests conducted to evaluate the effects of Reynolds
number on the aerodynamic characteristice of the horizontal tail are
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presented in figures 3 and 4, and the results of teste conducted to -
evaluate the effectes of Mach number are presented in figures 5 through -
12, The data from tests conducted to evaluate the separate effects of ) i
leading-edge roughness and of removal of the elevator-nose seal ars

presented In figures 13 through 16. An index to the figures presenting

the results 1s given in the appendix.

Certain date are presented for values of uncorrected angle of attack
oy Where

The constant 0.99 1s the ratio between the geometric angle of attack and
the uncorrected angle of atteck indicated by the angle—of—-attack counter.
The uncorrected angle of attack does not differ from the corrected value
by more than 0.30° for any of the test points presented.

Effect of Reynolds Rumber

Low speed.— The effects of increasing the Reynolds number from
2,000,000 to 11,000,000 at & Mach number of 0.21 are presented in
figure 3. Increasing the Reynolds number from 2,000,000 to 5,000,000
increased the angle of attack at which the stall occcurred when the

elevator was undeflected by approximately 2° and increased the maximum .
1ift coefficient by about 0.10; no further jinocrease in this maximum 1ift -
coefficient occurred when the Reynolds nmumber was increased to 11,000,000. -

Increasing the Reynolds number from 2,000,000 to 11,000,000 had no
important effect on any of the aerodynamic characteristics at angles of -
attack less than that for stall,

The slope parameters measured from results of tests of a geometri—
cally similar model conducted in the Ames 7— by 1l0—oot wind tunnel are
Presented for comparison with those evaluated from results of the present
teats in the following table:

Ames T— by 10-foot

wind tunnel Ames 12-foot
Slope (Reference 2) pressure wind tunnsl
parame texr R = 3,000,000 R = 2,000,000
CLy, 0.066 : 0.063
CLse ' 045 ' .Ohk
Che o = .0020 —.0032 -
- - .0100
chese 0093 -

Aerodynanmic center, 22.9 25.0
percent T 4

(CL=O, ae=0)
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The large difference in the values of Cheq, is due to the non—

linearity near 0° angle of attack of the data shown in figure 3(b) for
a Reynolds number of 2,000,000 with the elevator undeflected. The valuss

of for 0° elevator deflection measured between 2° and 4° angle of

attack from the data from the Ames 12-foot pressure wind tunmel for a
Reynolds number of 2,000,000 and from the Ames T— by 10-foot wind—tunnel
data were sbout the same, having a value of approximastely -0.0020. The
reason for the difference of 2.1 percent of The mean asrodymamic chord
in the location of the aerodynemic center 1s not known.

High subsonic speeds.— Figure 4 presents a comparison between data.
obtained at Reynolds numbers of 2,000,000 and 1,000,000 at Mach numbers
of 0.60, 0.80, and 0.88. At Mach numbers of 0.60, end 0.80 the decrease
in Reynolds mumber had 1little effect other than to decrease the 1ift at
angles of attack greater than about 6°. At a Mach number of 0.88,
decreasing the Reynolds number from 2,000,000 to 1,000,000 resulted in a
decrease of lift-curve slope of 0.015 per degree et small angles of
attack, a forward movement of the aerodynamic centéer at zero 1lift of 8.4
percent of the mean aerodynamic chord, and a more rapid Increase of drag
coefficient with 1ift coefficient.

Effect of Mach Number

The asrodynamic characteristics of the horizontal tail at a Reynolds
mumber of 2,000,000 for Mach numbers from 0.21 to 0.88 are presented in

figures 5 through 12.

Lift.— The variation of 1ift coefficlient with angle of attack 1=
presented in figure 5. With the elevator undeflected, increasing the
Mach number from 0.21 to 0.80 reduced the maximum angle of attack for
which stabilizer effectiveness was maintalned from approximately 12° to
8°. PFurther increase of Mach mumber incressed the angle of attack for
which the stabilizer remsined effective. At a Mach mumber of 0.88, the
gtabilizer was effective (for Bg = 0) to an angle of attack of at least
12°; wind—tunnel power limltations prevented further Increase 1n angle
of attack at this Mach mumber.

The elevator was effective in producing changes in 1ift at Mach
numbers of 0.21 and 0.60 throughout the angle—of-attack range for all
negative elevator deflections. As the Mach number was increased beayond
0.60, the range of elevator deflection and the range of angle of attack
for which the elevator was effective was progressively reduced. At =
Mach number of 0.88, the elevator was not effective when deflected
negatively more than 4° if the angle of attack was greater than about 4°.
The variation of 1ift coefficlent with elevator deflection at an uncor—
rected angle of attack of 0° is presented in figure 17. These data show

that the range of elevator deflection for which the elevatlor effectiveness
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was constant diminished as the Mach number was lncreased to 0,85.

The effects of Mach numbser on the values of the stabllizer—
effectiveness parameter - CLy» the elesvator-effectlveness parameter
CL'ée’ and ag, are shown in figure 18. Gradual increases in Clg

and cL&e occurred as the Mach mumber was Increased fram 0.21 to 0.85,
Cly Increasing from 0.063 to 0.088 and CLs, Increasing from 0.0k to

0.061. TIncreasing the Mach mumber had little effect on the value of
ade until a Mach number of 0.85 was exceeded. Further increase in

Mach number to 0.88 caused an abrupt decrease in the value of g, -

Elevator hinge moment.— The elevator hinge-moment coefficients for

various Mach numbers up to 0.88 are presented in figure 6 as a function
of angle of attack and in figure 7 ag a function of elevator deflectian.
At the higher Mach numbers the slopes of the curves vary considerably
wlth angle of attack and with elesvator deflection. It is apparent,
therefore, that at the higher Mach numbers the hinge-moment parameters
Cheae and chea are not indicative of the hinge-moment characteristics

of' the horizontel tail and that any discussion in terms of these
parameters would be misleading. The data of figure 19 show that, at
Mach numbers less than about 0.80, increasing the Mach number caused
gradual changes in the hinge-moment coefficients for elevator deflec—
tions and angles of attack betweemn * 6°. The Mach mmbers at which
rapid changes in the elevator hinge-moment coefficients occurred were
dependent upon the angle of attack and elevator deflection.

Effect of tab.— The varlation of elevator hinge-moment cocefficient

with elevator deflection for several tab deflections is presented in
figure 7. The tab—effectiveness parsmeter che'ét’ measured at 0° angle

of attack and 0C elevator deflectlion, had & value of approximately
~0.0040 and was little affected by compressibility. This is evident
from the data of figure 20, which present the increment of elevator
hinge—moment coefficilent produced by tab deflection ACh, as & function

of Mach number. However, with the elevator deflected more than —6°,
little increase in balancing hinge moment waa cbtalned as the tab was
deflected to more than 10° at a Mach number of 0.88. The change in lift
coefficient due to deflection of the tab 1s shown in figure 17.

The tab hinge-moment coefficients are presented in figure 8 to
prermit application of the teb-effectiveness data to the design of a
simple or spring-ted installation,

Pressure difference across the elevator-nose seal.— The variation

of the pressure coefficient across the elevator-nose seal with elevator
deflection 1s presented in figure 9. Leskage around the ends of the
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geal In each section of the balance chamber may have had an effect on
these data, especially those for the tip section of the balance chember
where the ratio of leakage area to vent arsa between the curtains and
the elevator was the greatest. The data of figure 9(a) are in fair
agreemen'g wlth those presented In reference 2 for elevator deflections
up to -9%.

Inspection of the data presented In figure 9 reveals that, in gemneral,
the rate of changs of pressure coefficlent across the elevator-nose seal
with elevator deflection, measured at 0° elevator deflection, became more
positive (greater balancing effect) as the Mach number wes increased. A%
a Mach number of 0.21, the rate of change of balancling pressure with
elevator deflection descreased at large negative elevator deflections. At
0° angle of attack, for exsmple, the balancing pressure in the riddle
section of the balance chamber decreased as the elevator was deflected
more than -15°. As the Mach number was increased, a decresse of balancing
effectivensss occurred at progressively smaller elevator dsflections. At
a Mach mumber of 0.85, the rate of changs of balancing pressure with
elevator deflection in the middle section of the balance chamber decresased
markedly at an elevator deflection of approximately —4° when the angle of

attack was 0°.

In order to evaluate the reduction of elevator hinge moment
obtainable through the use of a sealed internal sercdynamic balance, the
hinge-moment coefficients have been computed for an elevator with a
balsnce plate having a chord egqual to 0.35 of the elsvator chord and
extending from O to 96 percent of the semispan. Thé total aelevator—
deflection range would be limited to approximately 36° if this amount of
internal balance were employed. In computing the hinge-moment charac—
teristics of the balanced elevator, it was assumed that the pressure
difference indicated by each palr of orifices exlisted uniformly over
the balance plate between the center lines of the hinges which limited
that section of the balance chamber wherein the orifices were located.
The computed hinge moments of the balanced elevator are presented with
the measured hings moments of the radius-nose, sealed elevator in
figure 21. These computations show that, at a Mach mumber of 0.21, use
of the sealed intermnal bslance would result in a 50-percent reduction in
OChg for elevator deflections less than about —15°. As the Mach number
38 :
wag increased, the rangs of elevator deflection for which o S would be
reduced by the internal balance was progresalvely decreassd. At a Mach
number of 0.85, for example, the calculated valus of 9Chy was -

)

. . (=]
reduced by only about 10 percent when the elevator was deglected. more
than —5°. At this Mach number, the calculated value of ©Che was
O

approximately zero between elevator deflsctions of +2°. Any greater
emount of internal balsnce would result in overbalance for small
elevator deflections at a Mach number of 0.85.
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The effect of the sealed internal aerodynamic balance on the
variation of elevator hinge-moment coefficient with angle of attack
(fig. 21) was small.

Pitching moment.~ The pitching-moment coefficlents about the gquarter
point of the mean aerodynamic chord are presented in figure 10. Thess

data show that the static longltudinal stability increased markedly at
the stall.

The rate of change of pitching-moment coefficlent with 1lift
coefficient indlicates that the asrodynamic center (for 8¢ = O and Cp = 0)
moved greduslly forward from 25 to 23 percent of the mean aerodynamic
chord as the Mach number wae increased from 0.21 to 0.77 (fig. 22).
Further Mach number increase to about 0.86 resulted in a rapid rearward
shift of the serodynamic center to about 28 percent of the mean aerody—
nemic chord. '

Drag.— The drag data of figure 11 are summarized 1n filgure 23, wherb

the minimum dreg coefficient, maximum lift-—drag ratio, snd the 1lift
coefflclent for maximum 1ift—drag ratilo are presented as a function of
Mach number. IheaMach nunber for drag divergence, defined as the Mach
number at which -B_h_icg = 0,10, was approximately 0.84% when the elevator
was undeflected. The maxiinum lift—drag ratio was 24.8 at a Mach numbexr
of 0.21 and was decréamsed to 23.0 by an increase in Mach number to 0.75.
Further Mach number increamse caused an abrupt decrease of maximum 1lift—
dreg ratio, the value for & Mach number of 0.88 being roughly ome—third
of that at a Mach number of 0.75.

Pressure distribution.— The chordwise distribution of static pressure
at the midsemispan was measured to correlate the effects of Mach number on
the aerodynamic characteristics, as evaluated from force measurements,
with the changes in surface pressures, and to provide date for atructural
design., The pressure—dlstribution data are presented In figure 12 for
various angles of attack and slevator deflectlions for which force data
are presented.

Inspection of the deta of figure 12 reveals that reglons of super—
gonlic flow exlsted over the horizontal tail at the higher Mach numbers.
Deflsction of the elevator had little effect on the surface pressures
forward of any point on the stabilizer where the flow was supersonic.
This affords an explahation of the losa of elevator effectivensss at
the higher Mach mumbers. The abrupt lncrease wlth increasing Mach
number of the elevator hinge-moment coefficient for small elevator
deflections (fig. 19(b)) may be correlated with the change in pressure
distribution which occurred when the flow over the elevator became
supersonic,
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Effects of Leading-Edge Roughness

Results of tests comducted with standard roughness, as defined in
reference 10, are presented in figures 13 through 16 for Mach numbers of
0.21, 0.80, and 0.88. Results of tests conducted without leadingedge
roughness are also presented in these figures. )

leading—edge roughness caused reductions in the 1lift at large angles
of attack at all Mach numbers for which data were obtained and caused the
stall to be less sbrupt at a Mach mmber of 0.21. (See fig. 13(a).)
Both the stabilizer-effectiveness parameter and the elevator—effectlveness
paremeter were reduced when leading-edge roughness was applled. This
effect was greatest at a Mach mumber of 0.88 where €1, was reduced by
0.017 per degree and GLse was reduced by 0.019 per degree. It was
assumed 1n measuring Cj, that the elevator sffectiveness was constant

Q
between deflections of og and 4°,

. Inspection of the data of figure 14 shows that leading-edgs
roughness caused sizable reductlons in the variation of elevator hinge—
nmoment coefficilent with elevator deflection.

The data of figure 15 indicate that leading-edge roughness caused
the aerodynamic center (for Bg = O and Cr, = 0) to shift forward at Mach
numbers of 0.80 and 0.88. This effect was greatest at a Mach number of
0.88 where the aerodynemic center (for &g = O and O, = 0) was shifted
from 28.0 to 17.4t percent of the mean aerodynamic chord.

Effect of Removal of the Elevator-Nose Seal

The effect of removal of the elevator—nose seal 1s shown in figures
13 through 15 where comparison is made between data obtained with the
elevator nose sealed and with the elevator nose unsealed.

' Unsealing the elevator nose had no important effect on the variation
of 1ift with angle of attack, but d1d reduce the elevator effectiveness.
(See £ig. 13.) This reduction was greatest at a Mach number of 0.88
where the valus of CLse decreased by 0.011 per degree.

Unsealing the elevator nose had small effects on the elevator
hinge-moment coefficlents as is shown by the data of figure 14,

Comparison of the Effects of Mach Number on Two Horlzontal
Tails Which Differed Primarily in the Angle of Sweepback

Comparison of the effects of compressibility on the aerodynamic
characteristics of the horizontal teil of this investlgation with those
of a similar horizontal tail which differed primarily in the angle of
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sweepback may be made from the data presented In figures 22 through 25.

The NACA 64AO10 ailrfoll sections of the swept—back horizontal tail were
inclined 35° to the plane of symmetry and the quarter—chord line of thess
airfoil sections was swept back 35°. The elevator chord was 30 percent

of the chord of the airfoil section in each case, which resulted in the
elevator area of the swept-dback horizontal tail being smaller by 2.8
percent of the total modsl area. Comparison of the low—speed asrodynamic
characteristics of these horizontal tails has been made in reference 2,

and the effects of Reynoclds and Mach numbers on the serodynamic character-—
istics of the swept~back horizontal tail have been reported in reference 6.

The Mach nmumber &t which an abrupt decrease Iin the stabilizer—
effectiveness parameter Cr, occurred was greater by about 0.08 for the
swept~back horizontal tail. (See fig. 22.) The Mach number at which the
elevator-effectiveness parameter CrLg began to decrease was nearly the

same for both horlzontal talls; however, the value of CLae for the

unswept horizontal tall decreased much more rapidly with further increase
of Mach mumber than did that for the swept-back horizontal tail.

The data of figure 23 show that the Mach numbers for which abrupt
chenges in the elevator hings-moment coefficients occurred were greater
for the swepi—back horizontal tail., It should be noted that the moment
of the area of the umswept elevator was greater than that of the swept—
back elevator by a factor of 1.413. This fact must be considered if a
comparison of the hinge moments of the two elevatora is to be made.

The aerodynsmic—center location (at C;, = O for By = 0) of the swept—
back horizontal tail changed very little as the Mach number was Increased
to 0.85 and moved rapidly rearward with further increase in Mach number.
(See fig. 24.) For the unswept tail, the aerodynamic center
(at C, = 0 for 8 = 0) moved forward 2 percent of the mean aerodynamic
chord as the Mach number was Increased from 0.21 to 0.78 and then moved
rapldly rearward with further increase of Mach number.

The Mach number for drag dlvergence wasg greater by about 0.07 for
the sweopt-back horizontal tail. The minimm drag coefficlent of the
unawept horizontal tall, howsver, was less than that of the swept-back
horizontal tail at Mach numbers less then about 0.81 (fig. 25).

SUMMARY OF RESULTS

The results of wind—tunnel tests conducted to evaluate the independsnt
effects of Reynolds and Mach numbers on the aerodynamic characteristics
of a horizontal tail of aspect ratio 4.5 with the hinge line normal to the
plane of symmetry have been presented.

Results of tests at a Mach number of 0.21 at Reynolds numbers of
2,000,000, 5,000,000, and 11,000,000 indicated that:

o
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1. An Inereass in Reynolds number from 2,000,000 to 5,000,000
increased the angle of attack for the stall by espproximately 2° and
Increassd the maxlimum 1ift coefficlent by about 0.10; no further lncreases
occurred when the Reynolds number was increased to 11,000,000,

2. Changs I1n Reynolds number from 2,000,000 to 11,000,000 had little
offect on the asrodynamic characteristics at angles of attack below the
stall,

Results of teste at a Reynolds number of 2,000,000 over a range of
Mach numbers from 0.21 to 0.88 indicated thsat:

1. Increasing the Mach number from 0.21 to 0.85 increased thHe 1ift—
curve slope from 0.063 to 0.088 per degree; further increase of Mach
number caused an abrupt decrease in lift-curve slope.

2. The elevator-effectiveness parameter Cfg ~ increased from 0.0k

to 0.061 per degree betwsen Mach numbers of 0.21 and 0.85 and decreased
abruptly as the Mach number was increased to 0.88.

3. The Mech number at whilch = marked changs in the elevator hinge—
moment coefficient occurred was dependent upon the angle of attack and
the elevator deflection; however, the changes In the elevator hinge-moment
coefficlents at angles of attack and elevator deflections between *6° were
gradual as the Mach mmber was increased to 0.80.

k, The teb was effective in producing a balancing Increment of
elevator hinge moment throughout the Mach number range.

5. Incorporation of a sealed intermal balance sufficient to cause a
50—-percent reductlon In the varlastion of elevator hings moment with
elevator deflection at a Mach mumber of 0.21 caused only a l0-percent
reductign at & Mach mmber of 0.85 for elevator dsflections more negative
than -5~.

Results of teats to evaluate the effect of leadingedge roughness
indicated that:

l. lLeading-edge roughness caused reductlons in the lift—curve slope
and in the elevator effectiveness.

2. leading-edge roughness caused a sizable reduction in the variation
of elevator hinge-moment coefficient with elevator deflection.

Results of tests made to evaluate the effect of ungealing the elevator—
nose gap Indicated that:

1. TUnsealing the elevator-nose gap had no important effect on the
lift—curve slope, but reduced the elsvator effectiveness.
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2, Little change in the elevator hinge-moment coefficients resulted
from unsealing the elevator-nose gap.

Comparison of the effects of Mach mumber on the asrodynemic charac—
terigtice of the horlzontal tail tested in thls Investigation amnd of a
horizontal tail with 35° of sweepback which had the same aspect ratio,
taper ratio, and airfoil section indicated that:

1. The Mach number at which abrupt decrease in the lift—curve slope
occurred was aspproximately 0.08 greater for the swept—back horizontal tail.

2. The elevator effectivensss begen to decrease at about the same
Mach number for both horizontal talls, but the decrease was mich less
rapid for the swept-back horizontal tail.

3. The Mach number at which abrupt change in the elevator hinge-—
moment coefficient occurred was greater for the swept-back horizontal

-tail.

Ames Aeronautical Laboratory,'
National Advigory Committee for Aeronautics,

Moffett Field, Calilf.
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APPENDTX

T

The following tablss have been includsd to provids a convenient

index to the data of this report.

FORCE AND MOMENT CHARACTERTSTICS

Reynolds nmumber primary variable

[5¢ = 0°]
Se, deg
2,000,000
GL V8 o to 0.21 -10 to 20 0, =10,-20
11,000,000
Ghe V8 o
Cp, v8 Cn
Cr, ve& Cp
v
1,000,000 | 0.60, 0.80, ¥
Cr, V8 and 0.88 0
2,000,000
Che v8 o
CL, v8 Cn
CL. ve Cp v v

Flgure
number

3(a).

3(b}
3(e)

3(d)
Lk(a)

4(b)
k(ec)
L(a)
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Mach Number Primary Variable
[R=2,000,000]

Figure

E::zi::d M @, deg B¢; deg B¢, deg number
0.21 —10 to 20
0.60 b o ~20 5(b)
0.75 5(c)
0.80 . 5(d)
0.85 —10 to 16| ° 5(e)
v 0.88 —10 to 14| 4 to =15 5(f)
Che VS O 0.21 -10 to 20 | 4 to —£5 6(a)
0.60 4 to —20 6(b)
0.75 l 6(c)
0.8 6Ed)
0.8 ~10 to 16 6(e)
v 0.88 —10 to 14 | k4 to -15 v 6( )
Che vs Bg| 0.21 0, % L to 25 | 0to15 7(a)
0.60 4 to 0 (D)
0.75 T(c)
0.80. 7(a)
¢ 0.8 T(e)
0.88 4k to 15 7(£)
Cht V8 g [0.21, 0.60 k to —25 8(a)
0.75
J' 0.80, 0.85 4 to —20 J 8(b)
. 0.88 ¥
Ap/q Vs Be 0.21 -8 to 20 I to 25 0 a)
0.60 4 to -0 9(b)
0.75 J/ g(c)
0.8 l 9(a)
0.85 -8 to 12 9{e)
v 0.88 -8 to 12 4 to A5 v 9(r)
CL, vs Cn 0.21 ~10 to 20 | & to —£5 0 10(=a)
0.60 k to =20 10(b)
0.75 l 10(c)
0.8 l 10(a)
0.8 -10 to 16 10(e)
v 0.88 ~10 to 14 | 4 to -15 10(f)
CL, vs Cp 0.21 -10 to 20 | O to 25 11(a)
0.60 0 to —20 11(b)
0.75 11(c)
0.8 : 11(4)
0.8 —10 to 16 | -2 to -0 11(e)
v 0.88 -10 to 14 [ O to —15 v 11(£)
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CHORDWISE DISTRIBUTION OF STATIC PRESSURE AT THE MIDSEMISPAN

[R=2,000,000; &t = 0°]

Prz::‘;ltzg M a, deg By, deg ﬂiﬁ‘b’ii
P vs percent 0.21 0, &, 8 0, -4, 10, 15, —20| 12(a)

chord
c.21 12, 16, 20 12(b)
0.60 0, 4, 8 12(c)
0.60 12, 16, 20 12(d)
] 0.75 0, 4, 8 12(e)
| 0.75 12, 16, 20 12( %)
- 0.8 0, %, 8 12(g)
] 0.80 12, 16, 20 l' 12(h)
0.8 0, &, 8 -4, —10, <15, —20 | 12(1)
v 0.88 0, 4, 8 0, -4, <0, 15 12( 3)
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SEPARATE EFFECTS OF LEADIRG-EDGE ROUGHNESS AND OF
REMOVAL OF ELEVATOR-NOSE SEAL

[R=2,000,000; 8¢ = 49, 0°, —15°%; &8¢ = 0° ]

prosented u @, dog nurber
Cr, v8 @ 0.21 ~10 to 20 13(=)
0.80 ~10 to 20 13(b)
Y 0.88 —10 to 12 13(c)
Chy V8 0.21 ~10 to 20 14(a)
0.80 —10 to 20 24(p)
¥ 0.88 -10 to 12 14(c)
Cr, vs Cp 0.21 -10 to 20 15(a)
0.80 -10 to 20 15(b)
¥ 0.88 -10 to 12 15(c)
cy, vs Cp 0.21 -10 to 20 16(a)
0.8 -10 to 20 16(v)
4 0.88 -10 to 12 16(c)
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SUMMARY FIGURES
[ R=2,000,000; M=0.21 to 0.9% ]
Fi
Results presented o,deg 8e,deg &t ,deg nﬁii
C1, v8 Bg o} b to ~25 |0 to 15 17
Crys CLﬁe’and%eVSM —_——— —-—— 0 18
Ch, VS M -8 to 20 o] 0 19(a)
Chy vs M o L o ~£20 o 19(b)
“Chy V& B, Che V& & —10 to 20 | k to —25 o 21
) CLys CL,s aud apg ve M _———f —-- 0 22
Y 2Che vse M O,h’,B O,—E,—s, 0 23
. 10
2jerodynamic center
- location
(for Cp=0 at 8g=0) vs M -—- 0 0 24
2Maximm L/D, Cj, for maxi—
mum L/D, end miniwum Cp
ve M - —— o 0 25

ighows compubed effect of a sealed internal aerodynamic balance on the
elevator hinge-moment coefficients.

2Presents data for two horizontsl talls; one wlth the hinge line normal to
the plane of symmetry and one with the quarter—chord line swept back 35°

NGB
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TABIE I.— COORDINATES FOR THE NACA 64AOLO AIRFOIL SECTION
[ A11 dimensions in percent of wing chord ]

Upper and Lower Surfaces

Station Ordinsate
o. 0.
.50 . 804
.15 .969
1.25 1.225
2.50 1.688
5.00 2.327
7.50 2.805
10.00 3.199
15.00 3.813
20.00 h o712
25.00 L. 606
30.00 L,837
35.00 h 968
k0.00 L .995
45.00 L, 804
50.00 L. 684
55.00 4,388
60.00 Lk, o001
65.00 3.597
T70.00 3.127
75.00 2.623
80.00 2.103
85.00 1.582
90.00 1.062
95.00 Sh1
100.00 .021
‘L.E. radius T.E. radius
0.687 0.023







Dimensions shown in inches
unless otherwise noted.

025 chord of airfoil
section

Elevator hinge line, 0.70
chord of airfoil section

Location of pressure-
disfrfbw_‘ian orifices

Tab hinge line

l-ﬁ—T‘I_'— Q

0 o QO

ﬁok*iga

T w13
i P

38.00

&
Aspect ratio 45 &
Taper rafio 05 E
Area, semispan 4438 ft* E
Elevator area 1.327 f1¢
Tab area 00777 f*
c 1458 F}
Secfions NACA -6440/0

parallel fo the
plane of symmelry

00020 ¢
0.002/ ¢,

Section A-A

N BACA T

Figure .- The geomelry of the horizontal-tail model with the hinge line normal fo the plane
of symmelry.

ce
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Figure 2.— Semispan horizontal-tail model mounted in the Ames 12—Footb
Pressure wind tummel.
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s 4 & 11,000,000
: NACA
1.4
12 -8 -4 0 4 8 /2 16 20
Angle of attack, a, deg
. (a) G vs a.

Figure 3.— The effect of Reynolds number on the [ow-speed aero-
dynamic characteristics. M,0.2/; & ,0?
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Figure 3.— Continued.
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Drag coefficient, Cp

(d) G vs G,.

Figure 3.— Concluded.
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Figure 4.—The effect of Reynolds number on the high—speed aerodynomic characteristics. 8,,0% 8,0" w
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S
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Figure 4. — Continued.
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Figure 5.— The variafion of lift coefficient with angle of attack. 8 ,0%
R, 2,000,000.
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Figure 5.— Continued.
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Figure 5.— Confinued.



NACA RM AGH1ls

g Po g, ¢ i
| 5 A
. g i
zi =~3ul
) BV == ZaR
s 9741
5 /4]
s s/ 1/X/
3 /¥ V/5/4 ]
T -2 AW v/ 94
3 /A
g Asa :
RR%S 48 Vi ,
S / g 2
I Z4AVa ViV 5 22
A A/ 5 24
-0 /{F/(f/ > =/5
< ;J./ a =20
N
4.2 S

Figure 5.— Continved.

Angle of attack ,ox, deg

(e) M,0.85.

k1



L2 _ NACA RM A9Hlla

1.0

Lift coefficient, G,
Q

. /V/
2
}M// » %
A KA . deg
V' ¢ 2
; A o -9
Z B4 o -4
7 =
o4 /: > =15
7 /
X% L .
4 v
25 g -4 0 4 P) /2 16

Angle of attack, o, deg

(f) M,0.88.
Figure 5.— Concluded.
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Figure 6— The variation of elevator hinge-moment coefficient with
angle of attack. 8 ,0% R, 2,000,000.
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